Our observations suggest that ice shelves close to the climatic limit for existence may disintegrate rapidly. During the next years, increased attention should be paid to the section of the LIS south of Seal Nunataks, which may be subject to major changes if the warming continues. In November 1994, we observed a transverse rift -50 km in length in section 1, -30 km inland from the ice front.
. P. Skvarca, ibid. 17, 317 (1993 25 m and location accuracy of better than 100 m in areas of low relief. We used geodetic field data to control and improve the absolute location accuracy. Geometric accuracy was high only close to sea level, because terrain-induced distortions resulting from radar imaging geometry could not be corrected because of a lack of high-resolution elevation data. 11. Data on ice motion, surface mass balance, and ice thickness were obtained for sections 1, 2, and 3 during field observations beginning in the early 1980s. Mean annual velocities from 1984 to 1994 in the center of the profiles ( 20 to 30 pN, whereas it has been suggested that DNA is able to withstand about 500 pN before breaking (6) . We present here a study of the force-extension response of a single duplex DNA molecule submitted to forces ranging from 10 to 160 pN, using an apparatus ( Fig. 1 ) that improves on that developed by Kishino and Yanagida to study the actin-myosin interaction (7) . We repeated our experiment many times using different fibers and stretching velocities (a few seconds was typically required for stretching). The force-displacement response of a single duplex DNA molecule was measured. The force saturates at a plateau around 70 piconewtons, which ends when the DNA has been stretched about 1.7 times its contour length. This behavior reveals a highly cooperative transition to a state here termed S-DNA. Addition of an intercalator suppresses this transition. Molecular modeling of the process also yields a force plateau and suggests a structure for the extended form. These results may shed light on biological processes involving DNA extension and open the route for mechanical studies on individual molecules in a previously unexplored range.
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tained. The first was a simple and monotonic profile with one plateau followed by a steep drop in force ( Fig. 2A) . The other type of curve was complex and irreproducible with several plateaus (Fig. 2B) . We performed the experiment with a variable number of DNA molecules grafted on one bead. High grafting densities led to complex, irreproducible curves, whereas the simple profiles were mostly encountered with a low grafting density of about one to two DNA molecules per bead. Such profiles were reproducible typically to within <10 pN and <2 pum between different experiments, irrespective of the pulling velocity, and by repeated stretching during a single experiment. We therefore attribute the simple profile to a single DNA molecule and the complex ones to multiple grafting. The DNA was able to stretch to at least 1.7 times its B-form contour length 10 ( Fig.   2A ). This observation is in agreement with that of Bensimon et al. (6) (8) obtained by manipulating DNA with optical tweezers, although more detailed evidence will be needed to confirm this point. Because the plateau begins close to the fully extended length of the B form, we interpret it as a tension-induced structural transition. Qualitatively, this process is a reversible transformation of bases from the B form to a stretched structure (hereafter termed S), which is complete at the end of the plateau.
Further insight into this transition can be gained with the use of a simplified representation of DNA as a chain of elements (nucleotide pairs) with two states: a short one with length 11 (B-DNA) and a long one with length 12 (S-DNA), with an energy difference (AE) between the states. w is the nearest neighbor interaction between adjacent B and S elements and determines the energy for inserting an S-form element within a B-form section. A similar two-state model has already been proposed to describe the helix-coil transition of polypeptides and has been solved exactly (9) . The force can be represented as follows:
where (17) . The optical fiber was fed by a laser diode (Power Technology, 7 mW), and the motion of its tip, once amplified by a modified inverted microscope (Zeiss Axiovert), was detected by a position-sensitive photo-diode (Silicon Detector). A displacement resolution of about 10 nm was obtained. The DNA molecule is attached specifically at one end to the fiber and at the other to a microbead (18) . The bead was caught and maintained at the tip of a rigid micropipette by creating a weak drop in pressure. The micropipette was then driven away from the fiber by a computer-controlled piezo-translator stage (PI Instruments), and the fiber deflection was recorded (National Instrument software, Labview). The coupling between the displacement of the pipette and the bending of the fiber was principally due to the linked DNA molecule, although a weak contribution (<20 pN) from hydrodynamic backflow was present for large pipette velocities. When necessary, we subtracted this perturbation by performing a blank experiment with an identical pipette displacement, after deliberately breaking the DNA link. represented because it is indistinguishable from background noise (19) . By repeatedly pulling the pipette to distances up to 20 p.m and returning it to its starting position, the same curve could be followed within an experimental error of <2 pN. In contrast, the abrupt drop in force could be observed only once for a given molecule, and subsequent tractions lead only to a very weak displacement of the fiber because of the hydrodynamic backflow of the pipette. The accuracy of the backflow correction in the + curve above was verified by comparison with the o curve obtained by slow pulling and without correction. We associate the irreversible event with the rupture of the DNA-fiber or the DNA-bead links because the force at rupture is smaller than the force required to break duplex DNA (6) and is similar to the force recently reported for the rupture of a biotin-avidin association (20) . The full line shows the best fit obtained with Eq. 1 stretching or rupture for the same bead displacement. In contrast with the simple curves obtained with a single DNA molecule (A), such curves could not be not reproduced when the pipette was pulled repeatedly. (C) Force of stretching derived from a polynomial fit to the deformation energy from modeling (see Fig. 4 ). The extent of the plateau is consistent with the observations in (A leads to an excellenilt fit (10) (see full line in Fig. 2A) .
If, as suI('gested ab1oVe, tlhe plateaLu is the resuLlt of a DNA conformational transition, a drastic change eould be expected in the presence of intcrcala,ting'11 aglents. The transition indeed disappears in the preseince of 10 >Ig/ml of ethid-lulmllb bromide (Fig. 3) . At the present stage, one can note the following: First, the rise of the force witlh extensiOn is smoothier than shown in Fig. 2A (Fig. 4) , also leads to a plateau in the forcc-displacement curve (Fig.  2C) . The elongated DNA is characterized by a strong base pair inclination, a narrow minor groove, and a diameter roughly 30% less than that of B-DNA. The base pairs, which are exposed on the major groove side of the double helix, are still bound by a single hydrogen bond, and strong interstrand stacking between adenines can be seen. This conformational change occurs progressively and cooperatively during stretching. Modeling, however, indicates that the final conformation and the energetics of stretching depend both on base sequence and on which strand termini are tethered during stretching.
to induce such a transition by means of specific interactions between the protein and the extended formii.
